###### Key messages

-   Since the 2009 health system reform, China has paid considerable attention to antibiotic control through strengthening national antimicrobial stewardship and establishing the National Essential Medicines System

-   While a national campaign of antimicrobial stewardship was effective in reducing the consumption of antimicrobial agents at tertiary hospitals, the drug policy reform did not improve current problems of antibiotic overuse in primary care and rural settings

-   Improving rational use of antibiotics requires not only cross sector coordination and comprehensive intervention but also participation of multiple stakeholders, particularly active engagement from healthcare providers and patients

China spends a high proportion of its total health expenditure on drugs.[@ref1] In 2006, almost half (42.7%) of the total expenditure on health was on medicines.[@ref2] It has a serious problem with irrational use of medicines---that is, medically inappropriate or ineffective drug treatment practices.[@ref3] The main types of irrational use are polypharmacy, misuse of antibiotics, overuse of injections, failure to prescribe according to standard treatment guidelines, and inappropriate self medication.[@ref4] It is estimated that around half of antibiotics are unnecessarily prescribed.[@ref5] Overuse and misuse of antibiotics is one of the key contributors to antimicrobial resistance.[@ref6]

Perverse financial incentives for healthcare facilities and physicians have been widely recognised as the major cause of overprescription of antibiotics.[@ref7] In the late 1970s, China's market oriented economic reform reduced the role of the government in financing healthcare services.[@ref8] To compensate for the reduced subsidy, the government officially allowed a 15% or more mark-up on medicines for health facilities.[@ref9] Since a bonus system rewarded physicians based on the monetary values of drugs they prescribed, physicians had a strong financial incentive to overprescribe and oversell antibiotics.[@ref10] The high frequency of irrational use of antibiotics is also exacerbated by decades of misperception that antibacterial medicines are the panacea for all infections.[@ref11]

China embarked on a comprehensive health system reform in 2009. Improving the rational use of antibiotics was a key objective of the national essential medicines system, which was one of five major policies in the 2009 reform.[@ref12] The policy reform intended to curb the use of antibiotics by unlinking the financial relation between drug prescription and physician income, and by reducing the rate of antimicrobial resistance through comprehensive stewardship of prescribed antibiotics. This paper looks at antibiotic use after the reform and considers how to make further progress on rational use of antibiotics.

Major reform policies
=====================

Since the 2009 health system reform, the Chinese government has been committed to tackling the irrational use of antibiotics by enhancing antimicrobial stewardship. A series of regulations and clinical guidelines for rational use of antibiotics were issued after the reform, and a comprehensive surveillance network including over 1000 member hospitals was built up to control antimicrobial use and resistance.[@ref13]

In 2011, the Ministry of Health launched a national campaign for the rational use of antibiotics,[@ref14] and in 2012 it enacted and implemented a decree to regulate the clinical use of antibacterial agents. Based on an internationally recognised model of antimicrobial stewardship, this decree included comprehensive regulations on selection, procurement, prescription, and use of antibiotics. The decree also put emphasis on monitoring to ensure the enforcement of these regulations, so it is recognised as the most exacting decree for antibiotic management in China.[@ref15] [@ref16] In the same year, the Ministry of Health updated the national guidelines for antibiotic use in clinical practice for public hospitals and mandated hospitals to regularly review and evaluate antibiotic prescriptions of these hospitals.[@ref17] The national guidelines for antimicrobial therapy implemented in 2012 were revised in 2017.[@ref18] Meanwhile, appropriate antibiotic use and the bacterial resistance surveillance network, which was established in 2005, have been greatly enhanced owing to a rapid increase in the number of member hospitals since 2011.[@ref18]

Additionally, as one of five key elements of the health system reform, the national essential medicines system focused on compiling a generic essential medicines list, prioritising rational use of drugs by regulating the delivery, distribution, and reimbursement of these drugs. The zero mark-up drug policy removed the profit margin from drug sales and aimed to control overprescription practices by separating the profit of physicians from drug prescription. The policy was initially piloted at primary care institutions in 2009 and then expanded to county hospitals in 2012.[@ref19] To support the implementation of the national essential medicines system, a centralised bidding procurement system for drugs was established at provincial level, in which most western medicines at public health institutions were traded and registered in the online system.[@ref20]

Achievements and challenges
===========================

Reduction in antimicrobial consumption at tertiary hospitals
------------------------------------------------------------

After the national campaign for the rational use of antibiotics, studies repeatedly reported a reduction in the overuse of antimicrobial agents at tertiary hospitals.[@ref21] [@ref22] The figure shows a decrease in the rate of antibiotic use in both inpatients and outpatients, as well as in the rate of combined use of antibiotics in inpatients at 192 core member tertiary hospitals in the Center of Antibacterial Surveillance. In addition, the intensity of antibiotic use, measured by defined daily dose per patient days, decreased from 2005 to 2017, especially after the national campaign on the rational use of antibiotics was implemented in 2011.[@ref13]
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The rational use of antibiotics campaign, which includes decrees, administrative regulations, clinical guidelines, and drug and incentive policies, built up a regulatory and fiscal framework to curb irrational use of antibiotics. These measures guarantee continuous administrative regulations and the decree has legal effect for compliance or enforcement. For instance, the World Health Organization issued the Notice on the Directory of the Hierarchical Management of Clinical Use of Antimicrobial Agents in 2011. In the same year, a draft version of the Administrative Measures for Clinical Use of Antimicrobial Agents was issued by the legislative affairs office of the State Council, and it was released as Ministry of Health decree 84 in 2012, making it compulsory. The decree includes the general rules, organisations, their duties and responsibilities, management of the clinical use of antibacterial drugs, supervision and oversight, legal liability, and supplementary provisions. After the national campaign, in 2015 the National Health and Family Planning Commission (formerly the Ministry of Health) updated the national guidelines for antibiotic use in clinical practice and set prescription targets for secondary and tertiary hospitals, requiring them to regularly review and evaluate their prescriptions.[@ref23]

Less progress at primary care facilities and county hospitals
-------------------------------------------------------------

The zero mark-up drug policy was first implemented at primary care institutions and then at public hospitals. Earlier evaluations on primary healthcare facilities found that the policy failed to reduce irrational use of antibiotics in Hubei province.[@ref24] Further research, using nationwide data on primary care facilities, confirmed a lack of improvement on rational use of antibiotics after the zero mark-up drug policy reform.[@ref25] Subsequent studies at county hospitals showed similar and consistent results. For example, none of the recent evaluations in Guangxi,[@ref26] Anhui,[@ref27] and Hubei[@ref28] provinces found improvements on the overuse of antibiotics after the zero mark-up drug policy was implemented at county hospitals.

There are two reasons why the policy did not improve the overuse of antibiotics. Firstly, active physician participation in the interventions is essential to effectively control overuse of antibiotics. In China, the biggest barrier to reducing antibiotic overuse was found to be a lack of qualified physicians,[@ref25] [@ref29] and their poor diagnostic abilities led to unnecessary antibiotic prescriptions at primary care facilities, especially in rural areas.[@ref30] Furthermore, patients have begun to expect antibiotic treatment.[@ref31] In addition, after the zero mark-up drug policy reform, the salary and compensation system at county hospitals was not changed, and physicians' income remains dependent on the quantity and revenue of services they provide.[@ref4] Without changing the profit seeking motivation for public hospitals, piecemeal remedies such as the zero mark-up drug policy will not reduce the overprescription behaviour of providers.

Secondly, patients' knowledge, preference, and demand are important in rational use of antibiotics. Patients consider antibiotics to be a panacea for infections,[@ref32] leading to willingness to consume antibiotics and exerting pressure on physicians to prescribe more and newer antibiotics. The zero mark-up drug policy theoretically eliminates the drug prescription profit to providers, but it has the potential to increase consumption of antibiotics owing to better affordability for the patient. Therefore, without interventions to change patients' perceptions of the advantages and disadvantages of antibiotic use, the zero mark-up drug policy may not improve overuse of antimicrobials.

Primary care and rural settings have been neglected
---------------------------------------------------

Antimicrobial stewardship during the past decade primarily targeted urban tertiary and secondary hospitals instead of primary care facilities. Despite a decline in antibiotic use at tertiary hospitals, there is little evidence of its improvement in primary care settings. The current rates of antibiotic use are still far higher than the global average and the WHO standard.[@ref1] A systematic review reported that irrational use of antibiotics was more serious in rural areas than in urban areas, as well as more serious at primary care facilities compared with secondary and tertiary hospitals.[@ref4]

Suggestions for making further progress
=======================================

Improving rational use of antibiotics requires not only comprehensive interventions, including regulations, health and economic policies, healthcare delivery transformation, and clinical guidelines[@ref33] but also the participation of multiple stakeholders, in particular the active engagement of both physicians and patients.[@ref25] We offer a set of recommendations to improve rational use of antibiotics at the system, provider, and patient level.

Firstly, we recommend that the central government should establish an effective system with cross sector coordination and an integrated surveillance network to improve rational use of antibiotics. The first step is to expand the antimicrobial surveillance network from tertiary and secondary hospitals to all healthcare facilities, and to systematically evaluate the effect on curbing antibiotic use. The second recommended step is to initiate an inter-sector stewardship system on antimicrobials. For example, it is imperative to establish a shared information system between healthcare and agricultural departments to coordinate the monitoring and management of antibiotic use in humans and animals.

Secondly, the policy goal of reducing antibiotic use should be aligned with incentives for healthcare facilities and physicians. One important approach is strengthening the strict implementation of antimicrobial stewardship regulations at hospitals. The most important strategy is eradicating the motivation to overprescribe or overuse antibiotics through increased government subsidies, payment reforms, and incentive mechanisms. Motivating physicians to improve rational use of antibiotics is also essential. For physicians at primary care facilities, the recommended approach is to improve their knowledge of antibiotic prescription; and for physicians at hospitals, the optimal approach is to change their profit seeking salary systems.

Thirdly, it is equally important to educate patients, caregivers, and the public on the knowledge and perception of antibiotic use. One intervention is to educate patients and caregivers when they are seeking healthcare services. Another approach is to educate the public about the negative consequences of overuse of antibiotics through the media.

Conclusion
==========

China's health system reform has made great efforts to reduce the use of antibiotics during the past decade. While a national campaign on antimicrobial stewardship was effective in controlling antibiotic use at tertiary hospitals, the zero mark-up drug policy did not have definite effects at primary care facilities and county hospitals. Further improvement on the irrational use of antibiotics needs a systems approach that integrates the national antimicrobial stewardship network, healthcare providers, and the public.
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